2-(p-Sulphophenylazo)-1,8-dihydroxy-3,6-naphthalene disulphonate (SPADNS), an aromatic complexing agent, may be loaded onto the styrene-divinylbenzene matrix of a strongly basic anion-exchanger in order to obtain a chelating resin. The uptake of Cu(II), Co(II), Cd(II), Ni(II), Mn(II) and Fe(III) ions on Amberlite IRA-402 modified by SPADNS was studied at 25 o C. Phase contact time, acid addition (HCl, H 2 SO 4 or CH 3 COOH) and temperature are the factors which determine SPADNS sorption when the batch technique is employed. The total and working ion-exchange capacities as well as the recovery factors for SPADNS were calculated.
INTRODUCTION
The removal of heavy metal ions such as copper(II), cadmium(II), zinc(II), nickel(II) and iron(III) from aqueous solutions is necessary because of the frequent appearance of these metals in wastewaters from many industries, including electroplating, metallurgy, tannery, chemical manufacturing, etc. Due to their large-scale production and extensive application, such heavy metal ions can also pose serious health-risk factors. Many metal-processing industries discharge their wastewaters to sewage or to open water systems without proper purification, thereby causing serious soil and water pollution. Increasing and stricter regulations against the release of metal-containing effluents require effective purification methods (Leinonen et al. 1994; Lin et al. 2000) . All the technologies available for this purpose and reported in the literature involve physical, chemical and biological processes, e.g. adsorption on organic or inorganic matrices, precipitation, neutralization, oxidation, extraction, membrane separation methods, etc. (Lin et al. 2000) .
Chelating polymeric resins have attracted attention not only as metal-selective adsorbents in the field of wastewater treatment but also for the enrichment of trace metal ions prior to instrumental analysis (Lin et al. 2000; Lee et al. 1997 ). An important feature of chelating ion-exchangers is the great selectivity which they offer compared to conventional types of ion-exchangers. The selectivity of a chelating resin for metal ions is mainly attributed to the nature of the ligand immobilized on the polymer matrix, the mutual positions of the functional groups, their spatial configuration and steric effects, with matrix properties being involved to a smaller degree. A very simple way for preparing such sorbents is based on the modification of commercial anionexchange resins with chelating reagents containing sulphonic groups or by the treatment of inert supports with a mixture of a liquid anion-exchanger and a sulphonated chelating reagent. Anionexchangers exhibit a high affinity towards aromatic complexing agents (ACA) containing sulphonic acid groups as a consequence of their structure; when retained on the ion-exchange resin, such agents transform it into a selective ion-exchanger (Nabi et al. 2006) . Their selectivities depend on the character of the functional groups associated with the ligand and can thus be controlled by altering the conditional stability constant of the chelates formed by controlling the pH value of the eluent. The applicability of the sulpho-derivatives of aromatic organic reagents in the separation of metal ions has been confirmed by Kocjan (1996 ), Przeszlakowski et al. (1986 , Chwastowska and Trelińska (1989) , Brajter (1974) , Brajter and Dabek-Zlotorzyńska (1980) and Nabi et al. (2001) .
The work presented here concerns the usefulness of the trisodium salt of 2-(psulphophenylazo)-1,8-dihydroxy-3,6-naphthalene disulphonate (SPADNS) in the modification of the strongly basic anion-exchanger Amberlite IRA-402. The modified resin was applied in the uptake and recovery of Fe(III), Mn(II), Cu(II), Ni(II) and Co(II) ions from their chloride solutions as well as from their mixtures. The total and working ion-exchange capacities for SPADNS were evaluated using batch and column procedures. The effect of the phase contact time, acid concentration and temperature on the sorptive capacity of SPADNS was investigated.
EXPERIMENTAL

Materials
All chemicals employed were of analytical grade. The structure of the trisodium salt of 2-(p-sulphophenylazo)-1,8-dihydroxy-3,6-naphthalene disulphonic acid is presented in Figure 1 . SPADNS and all acids employed (HCl, H 2 SO 4 , HClO 4 , CH 3 COOH) were obtained from POCh, Gliwice, Poland. Solutions of the tested metal ions of known molarities (1 × 10 -4 M) were prepared by dilution of the corresponding chloride salts (CuCl 2 • 2H 2 O, ZnCl 2 , NiCl 2 • 6H 2 O, CdCl 2 • H 2 O from POCh, Gliwice, Poland) with doubly distilled water. The properties of the anion-exchange resin Amberlite IRA-402 produced by Fluka (U.K.) are given in Table 1 .
Apparatus
A Varian 880A model Atomic Absorption Spectrometer (AAS) operating with an air/acetylene flame was used to analyze the concentrations of metal ions in the various solutions. A thermostatted shaker (358 S Elpin model) was used for the ion-exchange experiments. The concentration of SPADNS was determined spectrophotometrically (λ max = 508 nm) using a Specord M 42 spectrophotometer produced by Carl Zeiss (Jena, Germany).
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Procedures
Recovery factors
Samples of the anion-exchangers (0.2 g) were shaken mechanically with 0.02 dm 3 volumes of solutions containing 1 × 10 -4 M SPADNS for a time period within the range 1-240 min at varying acid concentrations and temperatures (20-50 o C). After such treatment, the anion-exchanger was filtered off in order to determine the uptake of SPADNS.
The recovery factors (% R) for SPADNS were calculated via equation (1):
where C a is the amount of SPADNS adsorbed on the anion-exchanger phase (M) and C 0 is the initial concentration of SPADNS (M). The data obtained from these experiments allowed the dependencies of % R on time, acid concentration and temperature to be determined.
Equilibrium studies
The adsorption equilibrium of SPADNS onto the anion-exchangers was investigated employing the batch method. Thus, 0.02 dm 3 volumes of solutions containing different initial concentrations in 1 M HCl, 1 M H 2 SO 4 or 1 M CH 3 COOH were placed in a conical flask together with 0.2 g of the dry anion-exchanger. The mixture was then shaken for 240 min at 25 o C employing an Elpin 358 S shaker. After this time, the contents of the flask were filtered off and the concentration of SPADNS was determined. The data obtained from the adsorption tests were used to calculate the adsorption capacity, Q (mol/g), from equation (2):
(2)
where C 0 and C t are the concentrations of SPADNS in the solution (M) before and after sorption, V (dm 3 ) is the volume of the solution and W (g) is the weight of the dry adsorbent. 
Breakthrough capacities
In order to measure the affinity of a given anion-exchanger towards SPADNS, breakthrough curves were determined using 0.01 dm 3 of swollen Amberlite IRA-402 in the Clform. For this purpose, a solution containing 1 × 10 -4 M SPADNS was passed continuously downwards through the anion-exchanger bed at a flow rate at 0.8 cm 3 /(cm 2 min). The concentration of SPADNS in the effluent samples collected was determined. When the concentration of SPADNS in the effluent was equal to the SPADNS content in the influent, the column was washed with de-ionized water until the column effluent was colourless. The desorption of SPADNS from the column was studied by passing various concentrations of sulphuric acid (0.01 M or 0.1 M or 1 M) through the latter.
Preparation of modified anion-exchanger
Amberlite IRA-402 was washed with de-mineralized water and dried. Sufficient of the trisodium salt of 2-(p-sulphophenylazo)-1,8-dihydroxy-3,6-naphthalene disulphonic acid was then dissolved in de-mineralized water to obtain a solution of 1 × 10 -4 M concentration. Then, 0.02 dm 3 of this solution was added to a conical flask containing 0.2 g of the anion-exchanger. The suspension solution was shaken in a thermo-shaker for 240 min at 25 o C. After this time, the modified resin was thoroughly washing with distilled water, dried at room temperature and employed for the metal ion uptake studies. The recovery factors of the metal ions from their individual solutions as well as from various mixtures were calculated employing equation (1) above.
RESULTS AND DISCUSSION
Adsorption of SPADNS
Aromatic complexing agents such as SPADNS [ACA(SO 3 ) 3-3 ] exhibit a high affinity towards strongly basic anion-exchangers. The sorption mechanism for sulpho-derivative aromatic complexing reagents onto a strongly basic anion-exchanger in the chloride form (RCl) is controlled by the process described by equation (3) which involves the interaction of the three sulphonic acid groups associated with the complexing reagent:
Thus, ACA(SO 3 ) 3-3 ions can form stable ion-pairs in the anion-exchanger phase. The reaction is irreversible. This view is supported by the fact that it was necessary to use 1 M or 0.1 M sulphuric acid solutions to elute 16.6% or 8.9% SPADNS from the column; the use of a 0.01 M H 2 SO 4 solution led to no leaching of SPADNS whatsoever.
The SPADNS molecule also contains groups that can participate in donor-acceptor interactions (-OH, -N=N-) between SPADNS and anion-exchanger macromolecules.
Effect of acid type, acid concentration and temperature
It was found that the affinity of SPADNS for the strongly basic anion-exchanger essentially depends on the type and concentration of the acid employed (see data presented in Figure 2 ). Thus, in acetic acid medium, the sorption of SPADNS was quantitative with equilibrium uptake being achieved after 60 min (Table 2) . The values of the recovery factors decreased from 99% to 30% when increasing concentrations of hydrochloric and sulphuric acids were employed for sorption purposes. No retention of SPADNS was effected by perchloric acid (oxidative decomposition of SPADNS occurred under these circumstances). The observed efficiency followed the sequence: CH 3 COOH > HCl > H 2 SO 4 >> HClO 4 , which corresponds to the decreasing affinities of the acid anions for the anionexchange resin.
The capacities of Amberlite IRA-402 for SPADNS dissolved in 1 M CH 3 COOH, 1 M HCl or 1 M H 2 SO 4 were 7.3 × 10 -4 mol/g, 4.3 × 10 -4 mol/g or 3.2 × 10 -4 mol/g, respectively (Figure 3) . The working ion-exchange capacities calculated from the breakthrough curves for SPADNS (Figure 4 ) in 0.1-1.0 M HCl, 0.1-1.0 M H 2 SO 4 or 0.1-1.0 M CH 3 COOH systems are listed in Table 3 .
The retention of 2-(p-sulphophenylazo)-1,8-dihydroxy-3,6-naphthalene disulphonate on Amberlite IRA-402 decreased when increasing concentrations of HCl, H 2 SO 4 or CH 3 COOH were employed as eluent. This dependence arises from the competitive sorption of Cl -, SO 2-4 or CH 3 COOanions with ACA(SO 3 ) 3-3 ions for sites on the anion-exchanger surface as well to a sieve effect [ACA(SO 3 ) 3-3 anions are too large to enter the pores of most anion-exchangers]. The highest values for the breakthrough capacities were observed in 0.1 M acid solutions.
Temperature is also a very important factor in batch experiments. The temperature dependence of sorption was studied employing a constant initial SPADNS concentration of 1 × 10 -4 M. The observed increase in equilibrium sorption with temperature over the range 25-50 o C indicates that 356 M. the removal of SPADNS using Amberlite IRA-402 would be favoured by higher temperatures (Figure 5 ). It is possible that the sorption of this chelating agent may involve not only physical but also chemical interactions. In addition, the observed effect may arise because an increase in free volume occurs at higher temperatures due to the increased mobility of the solute (Ho and McKay 1998).
Metal ion uptake by SPADNS-modified Amberlite IRA-402
When SPADNS is initially adsorbed onto Amberlite IRA-402 and the resulting polystyrene ionexchanger beads used for the uptake of metal ions (M n+ ), the latter diffuse into the polymeric network and form coordinate bonds with the nitrogen atoms of the SPADNS molecules situated on the anion-exchanger. The type of complex formed between the 2-(p-sulphophenylazo)-1,8dihydroxy-3,6-naphthalene disulphonate molecule and a metal ion is depicted in Figure 6 (Singh and Srivastava 2005). The effect of phase contact time on the sorption process ( Figure 7) indicates that copper(II) ions were retained almost quantitatively (% R > 98) on SPADNS-modified Amberlite IRA-402. The corresponding recovery factors for Ni(II), Co(II), Mn(II) and Fe(III) from their aqueous chloride solutions were smaller and did not exceed 60%, 30%, 18% and 58%, respectively. The observed affinity series (at t = 360 min) was: Cu(II) > Ni(II) > Fe(III) > Cd(II) > Co(II) > Mn(II).
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M. The behaviour of Cd(II) ions in batch experiments was particularly interesting. Thus, a decrease in the Cd(II) recovery factors from 80% to 40% with the increasing phase contact time within the range 1-360 min was observed (Figure 7) . It is probable that the reduced adsorption of Cd(II) ions arises from the low stability of the Cd(II)-SPADNS complex. If this is correct, this phenomena could be used to effect the separation of Cd(II) ions from an aqueous mixture of Cu(II), Co(II), Ni(II), Mn(II) and Fe(III) ions. However, the retention of such metal ions from an aqueous mixture of composition 1 × 10 -3 M CuCl 2 /1 × 10 -3 M NiCl 2 /1 × 10 -3 M CdCl 2 /1 × 10 -3 M CoCl 2 /1 × 10 -3 M MnCl 2 /1 × 10 -3 M FeCl 3 using SPADNS-modified Amberlite IRA-402 was only half that observed from aqueous solutions of the individual components of the mixture. The data depicted in Figure 8 show that the removal of Cd(II) ions from such a mixture decreased when the phase contact time increased, as expected.
CONCLUSIONS
The trisodium salt of 2-(p-sulphophenylazo)-1,8-dihydroxy-3,6-naphthalene disulphonic acid (SPADNS) exhibits a high affinity towards the strongly basic anion-exchanger Amberlite IRA-402. The sorption of SPADNS, which contains three sulphonic groups, can be described in terms of an anion-exchange mechanism. The retention of SPADNS by Amberlite IRA-402 in the presence of various acids diminishes in the following order: CH 3 COOH > HCl > H 2 SO 4 >> HClO 4 . Use of batch and column techniques demonstrated that the total and working 360 M. anion-exchange capacities were greatest in an acetate medium. Increasing the temperature within the range 20-50 o C favoured sorption of SPADNS onto Amberlite IRA-402. Aromatic complexing agents such as SPADNS transform the commercial anion-exchanger into one which is selective towards Cu(II) ions (% R > 98). The use of such a modified resin appears promising for the recovery of metal ions from wastewaters, slimes and solutions originating from the leaching of used catalysts.
